A distributed temperature index melt model including potential clear-sky solar radiation was applied to Unteraargletscher, Bernese Alps, Switzerland, to quantify water input to the glacial hydrological system during the ablation season 1999. Model parameters were determined by calibrating calculated melt with ablation measurements. Discharge was measured in the proglacial stream for 18 days until the station was destroyed by an outburst flood.
Introduction
Variations in glacier motion are to a great extent associated with changes in conditions at the interface between ice and the underlying bed. It is generally accepted that the subglacial hydrological system has a strong influence on basal conditions as high subglacial water pressures lead to a decoupling of the glacier from its bed thereby promoting basal sliding. At the same time high subglacial water pressures can also cause the sediment comprising the bed to weaken enabling sediment deformation. Elevated basal water pressures result from the inability of the subglacial drainage system to discharge water at the same rate as it is supplied to the system from the glacier surface. This situation can arise at the beginning of the ablation season when rapid melting of the winter snowpack causes a sudden influx of large amounts of meltwater to an inefficient winter drainage system. Alternatively, an intense rainfall on a snow-free glacier surface later in the melt season can also quickly introduce a substantial volume of water into the subglacial drainage system that exceeds the drainage system capacity. In response to high subglacial water pressures, hydraulic and mechanical instabilities can result which then lead to a reorganization of the subglacial drainage system (e.g. Gordon et al. 1998; Stone and Clarke 1996) or periods of enhanced glacier motion (e.g. Iken et al. 1983; Kamb and Engelhardt 1987; Kavanaugh and Clarke in press) . The subsequent establishment of stable hydraulic and mechanical conditions at the glacier bed is often marked by a sudden release of the subglacially backed-up water and an increased suspended-sediment flux (e.g. Anderson et al. 1999; Barrett and Collins 1997; Collins 1998; Humphrey et al. 1986 ).
Systematic ice-motion studies of Unteraargletscher, Switzerland, using a variety of different surveying techniques (Flotron 1973; Gudmundsson 1996; Gudmundsson et al. 2000; Iken et al. 1983 ) have revealed several short-term increases in glacier velocity by at least a factor of two. These velocity increases typically occurred at the beginning of the melt season or following intense rainfall and were often accompanied by upward movements of the glacier surface of a few decimetres. Surface uplifts were initially interpreted to result from water storage at the bed whereby surface water that reaches the base of the glacier causes high subglacial water pressures and the formation of basal cavities (Iken et al. 1983) . Recent measurements of vertical and horizontal strain suggest that temporal variations in the strain-rate regime may also contribute to the observed surface uplifts (Gudmundsson 1996) .
During the 1999 summer field season we conducted an extensive field program at Unteraargletscher comprising glaciological, meteorological and hydrological measurements. Aim of this study was to assess the storage of water in or beneath the glacier early in the melt season, when a rearrangement of the subglacial drainage system and mechanical adjustments at the glacier bed are likely to occur. Meltwater input to the glacial hydrological system was quantified using a temperature index melt model which was calibrated with ablation measurements. Discharge was measured at a gauging station in the proglacial stream. However, 18 days after its installation, the station was destroyed during a flood event which was presumably caused by a rainfall-induced outburst of en-or subglacially stored water. We discuss this outburst flood in light of a significant imbalance of water input and output during the days preceding the release event and a change in the configuration of the drainage system. Dark shaded areas denote debris cover whereas the firn area is indicated by light shading. Inset shows the study area in the Bernese Alps, Switzerland.
Field Site and Methods
Unteraargletscher, a temperate valley glacier situated in the Bernese Alps, Switzerland, is the common tongue of the two tributaries Lauteraar-and Finsteraargletscher (Fig. 1) . From the confluence zone at -2,400 m above sea level (a.s.l.), Unteraargletscher descends gently 6 km eastwards. The entire system of glaciers covers an area of 26 km2. The present terminus, -1.5 krn from Lake Grimsel, is at an elevation of 1,950 m a.s.1, and the headwalls of the accumulation basins are surrounded by peaks up to 4,274 m a.s.1. Despite the lack of detailed mass balance measurements, the mean equilibrium-line altitude is estimated at -2,800 m a.s.1. based on a comparison with other glaciers in the area and on an analysis of aerial photographs (Gudmundsson 1994) . A prominent feature of Unteraargletscher is the large ice-cored medial moraine which is formed by the convergence of the lateral moraines of Lauteraar-and Fin-steraargletscher. The debris cover is typically 5 to 15 cm thick. At the confluence zone the medial moraine is between 10 and 20 m high and -100 m wide. With distance downglacier it grows to a maximum height of 50 m and width of 300 m before it gradually spreads out and merges with the marginal morainic debris in the terminus region. Smaller medial moraines on the southern side of Unteraargletscher are the result of Finsteraargletscher being fed by Strahlegggletscher and a number of smaller tributaries. In contrast, there are no tributaries that feed large amounts of ice to Lauteraargletscher and, thus, the northern side of Unteraargletscher is nearly debris-free.
For simplicjty we refer in the remainder of this paper to the entire system of glaciers ( Fig. 1) as >>Unteraargletscher<<. During a three week period in June and July 1999 we set up our measurement program on Unteraargletscher to monitor air temperature, precipitation, melt rates of snow and ice, and discharge of water in the proglacial stream. At the beginning of the period on June 15, most of the glacier was covered with snow. Three weeks later on July 6 the snowl'ine had ascended to the confluence zone at 2,400 m a.s.1.
Meteorological Observations
At the Lauteraarhut (Fig. 1) we operated an automatic weather station to collect data on air temperature, relative humidity, wind speed, wind direction and precipitation at intervals of 15 minutes. Only the air-temperature and precipitation measurements (Fig. 2) are of relevance to the work presented here. Air temperature was measured by a ventilated thermistor (Vaisala T107) and precipitation was measured using a tipping bucket rain gauge (Joss-Tognini). We chose a measurement site beside the glacier rather than directly on the glacier because thermal conditions of the near surface boundary layer adjacent to the glacier are less affected by local processes such as catabatic winds, condensation and evaporation than those on the glacier itself (Lang and Braun 1990) .
Surface Melt
Water originating from surface melt was the main input into the hydrological system of Unteraargletscher during the period in which we focus our interest. To quantify this meltwater input we use a distributed melt model which is calibrated with ablation measurements. A quantification of the precipitation over the entire catchment is not performed in this paper. The complex distribution of precipitation in this large, mountainous catchment would require a study on its own. Thus, in the remainder of this paper we ignore the contribution of precipitation such that the term >>input<< as used here represents a minimum estimate.
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Melt Model
We estimated snow and ice melt on the entire glacier using a distributed temperature-index method developed by Hock (1999) that includes direct clear-sky solar radiation. The method is based on the classical positive degree-day approach (e.g. Braithwaite 1995) in which calculated melt rates are only a function of positive air temperatures. However, by incorporating a radiation index in terms of potential direct solar radiation, the method also accounts for shading of the glacier due to surrounding topography and allows spatially-variable melt by considering the effects of local slope and aspect of the glacier surface. Hourly melt rates M (mm h-1) are thus calculated as (Hock 1999) , where MF is a melt factor (mm h-1°C-I), asnowlice is a radiation coefficient different for snow and ice surfaces (m2 W-1 mm h-1 "C-1) and T is air temperature ("C). The potential clear-sky solar radiation at the glacier surface I (W m-1) is essentially calculated as a function of solar geometry and topographic characteristics (Hock 1999) . A spatial variability of melt also arises due to debris that covers large parts of the tongue of Unteraargletscher. To describe the insulating effect of a debris cover, the melt rate calculation (Eq. (1)) was adapted to account for the reduced melt of the underlying ice. Even though the debris cover is far from being uniform in terms of thickness, spatial distribution and rock type, we selected a simple approach in accordance with the generalizing nature of a temperature-index method and introduced a single reduction factor ddebris in the model calculation that represents the fraction by which the melt rate of ice is reduced due to a debris cover (Sterr 2000) . Hence, for a debris-covered ice surface and positive air temperatures, hourly melt rates are calculated as
Rates of snow and ice melt were computed using Eqs.
(1) and (2) for each gridcell of a 50 m resolution digital elevation model (DEM) of Unteraargletscher that was constructed from 1998 aerial photographs. To allow for the shading of the glacier surface due to surrounding topography to be accounted for, the glacier DEM was embedded within the Swiss 1:25000 digital elevation model DHM25 of the entire surrounding catchment area (L+T 1993) . Slope and aspect angles of each grid cell were directly derived from the DEM. In addition, topographic shading of the glacier was determined for every time step and each grid cell based on the effective horizon and the position of the sun. The melt model further requires a digital model of the glacier surface type beneath the winter snow cover (Hock 1999 ). This surface type was prescribed by raster maps, indicating for each grid cell whether the surface was ice, fim or debris. For the purpose of melt rate calculation the model treats firn like snow. We determined the spatial distribution of debris and firn from aerial photographs. A further raster map contains the distribution of the initial snow cover on the glacier which is based on a linear interpolation of snow depth measurements, ranging from 0.15 m water equivalent (w.e.) at 2,200 m a.s.1. to 0.5 m w.e. at 2,400 m a.s.1. and 1.0 m w.e. at 2,550 m a.s.1. Required input data for the model is air temperature. The temperature recorded at the automatic weather station ( Fig. 1 ) was extrapolated and distributed to each gridcell using a linear lapse rate. The melt factor, radiation coefficients for snow and ice, and debris reduction factor are empirical coefficients. Together with the temperature lapse rate, these coefficients are the tuning parameters that enter the model.
In a first melt simulation we used model parameters optimized for Storglaciaren by Hock (1999) . Subsequently, these parameters were adjusted iteratively to achieve maximum agreement between computed and measured melt rates at the ablation stakes (Sterr 2000) . Typically model runs were performed for the period that begins with the start of the temperature record on 19 June and ends on 8 September when the final ablation stake readings were taken. Parameter optimization involved the visual inspection of plots of simulated and measured melt for three different periods that coincided with the intervals between the ablation stake measurements. In Table  1 we have listed the model parameters optimized for Unteraargletscher. 
Ablation Measurements
Melt was monitored between June and September at up to 26 ablation stakes distributed across the ablation area of Unteraargletscher (Fig. 1 ) by taking stake readings on four occasions at intervals of 2-5 weeks. However, a continuous record stretching over the entire period is available for 14 stakes only. For some intervals between individual stake readings the dataset is complete. In addition, the depth of the snow cover at the beginning of the observation period was measured at four locations of different altitudes. To convert measurements into water-equivalent melt, we assume a density of 500 kg m-3 for snow and a density of 900 kg m-3 for ice.
Model Performance
The spatial distribution of the calculated melt (Fig. 3) compares favorably with what we expect when we bear in mind the effects of topography on shading and potential direct solar radiation. Values of calculated radiation averaged over the entire observation period 19 June to 8 September range between a minimum of 17 and a maximum of 3 14 W m-2: Melt on south-facing slopes typically exceeds that on north-facing slopes. In addition, the effect of the debris cover is also clearly visible. The highest melt is calculated for debris-free zones at the northern side of the tongue of the glacier and between the medial moraines. In contrast, calculated melt is drastically reduced in the debris-covered terminus region. Fig. 4 shows simulated and measured melt at 14 ablation stakes distributed across the ablation area of the glacier for the entire observation period (19 June-8 September). Melt simulation and measurement as a function of time at two stakes are compared in Fig. 5 . Considering the simplicity of the model, there is good agreement between ablation measurements and melt simulation (Fig. 4b) . While at some stakes the model overestimates melt, at others ablation is underestimated (Fig. 4a) . Nevertheless we want to note that a direct comparison of measured melt with that calculated by the model is not without problems because simulations represent the spatial means of 50 m by 50 m grid cells, whereas stake measurements refer to an individual point inside each of these areas. A notable feature in Fig. 4a is that melt at higher altitudes is significantly larger than that in the lower reaches of the glacier. The lower melt at lower altitudes reflects reduced ablation due to debris covering much of the tongue of Unteraargletscher as most of the stakes below the confluence zone (2,400 m a.s.1.) are located in debris-covered ice (triangles in Fig. 4a ). The insulating effect of the debris cover is also revealed in plots of melt versus time (Fig. 5 ). Melt at a stake located in debriscovered ice on the medial moraine ((a) in Fig. 5 ) is roughly half as large as that at a stake located -150 m higher in altitude but in debris-free ice ((b) in Fig. 5 ). However, prior to the retreat of the snowline past these two stakes at the end of June, the snowcover at these locations is melted roughly at the same rate.
The performance of the melt model can be further assessed by comparing the simulated retreat of the snow line with that observed on the glacier. The close agreement of the location of the snow line as identified on a photograph taken on 26 July (dashed line in Fig. 6b ) and that as determined from the calculated snow depth distribution on 24 July 1999 (Fig. 6a) suggests that the spatial pattern of snow melt is reproduced reasonably well by the model calculations. Jun.
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Glacial Runoff
Most of the glacial runoff exits Unteraargletscher through a single large glacier portal. However, because the proglacial area consists of a flat alluvium, the stream is strongly braided before it reaches Lake Grimsel. Only at a few locations flow is concentrated in a single thread. We installed a stream gauge to measure water stage and electrical conductivity just downstream of where the stream is incised into a former terminal moraine offering a moderately stable cross-section. Water stage was measured using a vented capacitive pressure transducer (Keller PR-46W) and electrical conductivity was measured with a commercial conductivity probe (Campbell 247). Both sensors were housed inside a gauging device that consists of two 1.2 m long concentric PVC cylinders having diameters of 20 and 30 cm. The device was positioned vertically in the stream and fastened to steel pipes that were anchored at the stream bank by a 4.5 m3 sized gabion filled with boulders. The inner cylinder is closed at its lower end. A set of four 10 mm diameter holes close to the bottom allows water to pass through the cylinder while at the same time effectively damping high frequency water level fluctuations. The outer cylinder serves as a protection from mechanical damage and reduces the accumulation of sediment within the inner cylinder. Output from both sensors were recorded by a Campbell CR-10 data logger every 5 minutes.
Discharge Measurements
To relate water stage to glacier runoff 22 individual discharge measurements were performed in the proglacial stream using the tracer-dilution method which is particularly suited to measurements at conditions of highly turbulent flows and unstable stream configurations (Fischer 1982; Kass 1998) . The method entails the injection of a tracer in the stream and its subsequent detection at an appropriate distance downstream assuming that the tracer is uniformly mixed over the entire cross-section of the stream at the detection point. Additional assumptions are that the discharge does not change significantly during the course of a measurement and that there are no sources and sinks of water between the points of tracer injection and detection. For the proglacial stream of Unteraargletscher the minimum flow distance necessary to ensure uniform mixing of the tracer with the stream water was estimated between 200 and 500 m (Khs 1998). We injected amounts of 5 to 10 kg of solid sodium chloride (NaCl) -500 m upstream from the gauging station. We found that the results were unaffected by not dissolving the salt in stream water prior to injection. Following a salt injection, electrical conductivity was recorded at intervals of one second until the entire salt wave had passed the gauging station and conductivity values had essentially returned to the background level. The salt concentration c (kg m-3) in the stream water is derived from the measured electrical conductivity L ( p S mm-1) by applying the linear relationship c = k L, where the constant k = 7.36.10-3 (kg m-3)/(p S mm-1). Discharge Q (m3 s-1) is then calculated using the mass-balance relationship ) (c(t)-co)dt 0 where m (kg) is the mass of salt injected, z is the time it takes for the entire salt wave to pass the gauging station, and co=kLo is the background concentration. The background conductivity Lo was determined as a linear interpolation of 10 second averages before and after the passage of the salt wave.
Discharge measurements were carried out repeatedly throughout the entire period of stage measurements that extended from 16 June when the stream gauge was installed to 4 July when the data was downloaded for the last time before the gauging station was destroyed. Furthermore, the measured discharges cover the whole range of observed water stages. The stage-discharge relation is obtained using the water stage measurements h, (m) at the time of the discharge measurement. The resulting rating curve is constructed as the best fit to the data points (Fig. 7) . The exponential form of the rating curve reflects the increasing width of the stream as the water level rises. 
Results

Input into Glacial System
The modelled melt rate (Fig. 8c) displays pronounced diurnal variations which primarily reflect the distinct daily cyclicity of the direct clear-sky solar radiation. While the calculated melt rates are nearly zero during night time, they peak sharply at mid day when the potential solar radiation reaches its daily maximum. In addition, the daily melt rate maxima are modulated by the general course of the temperature record (Fig. 8b) . Warm temperatures in early July result in a high meltwater production. The highest melt rate of the entire period of melt simulation (19 June-8 September), exceeding 40 m3 s-1 integrated over the glacier area, is calculated for 3 July. Conversely, meltwater production ceases completely during periods with temperatures well below 0°C on 21 and 22 June.
To quantify the uncertainty of the melt calculation we determined the standard deviation of simulated melt with respect to measured melt. For the 14 stakes that are available for the entire period, calculated melt deviates from measurements by A 390 mm w.e. Taking a mean measured ablation of 2,290 mm w.e., this deviation translates into a * 17% uncertainty in our melt simulations. The number of stakes available for the shorter intervals between individual ablation measurements is larger but uncertainties are similar varying between A 13% and A 16%. An exception is the two week interval between the first two stake readings where the uncertainty amounts to * 44%. However, two artefacts likely affect the calculation of this high uncertainty.
First, measurement and simulation do not refer to the same length of time. The first stake readings were taken on 16 June, three days before the starting date of the model calculation. In effect, we are comparing measured and calculated melt over time intervals that differ in length by -20%. Second, during these two weeks at the end of June, the medial moraine became partly snow-free, resulting in a pronounced microscale variability of melt due to the discontinuous snow coverage which is not accounted for in the conceptual melt model. Therefore, we disregard the + 44% uncertainty determined for this two week interval and accept a generous overall uncertainty of + 20% for our melt calculations.
Output from Glacial System
The recorded discharge (Fig. 8d) varies between 2.8 and 7.6 m3 s-1 and shows a diurnal cycle that is characteristic for glacial runoff (Rothlisberger and Lang 1987) . Typically, discharge maxima occur in the early evening followed by discharge minima in the morning of the next day. Superimposed on these diurnal variations are secondary spikes that can be associated with precipitation events on 21, 26, 27 and 28 June (Fig. 8a) . In general, we note a period of recession flow lasting from 19 to 25 June followed by an increase in discharge during the second part of the record. Coinciding with increasing discharge the amplitude of the diurnal cycle is also enlarged. Furthermore, towards the end of the period of observation discharge varies less smoothly and the record displays a jagged appearance. These small but rapid fluctuations are attributed to enhanced bed load transport at high discharges.
We believe that the main source of error in our rating curve and discharge measurements stems from the unstable stream configuration due to an unconsolidated nature of the stream bed. In particular, erosion and sedimentation processes within the stream can lead to changes in water level that are unrelated to variations in discharge. A number of discharge measurements at low water stages (cluster of data points in the lower left-hand comer of Fig. 7) suggests that discharge can vary by roughly 20.2 m3 s-1 for nearly the same water level. For a discharge of -3 m3 s-1, this variability corresponds to less than the 2 10% accuracy which has been reported for the tracer dilution method (Anderson et al. 1999; Kite 1994) . In contrast, noise in the stage measurements that results from the roughness of the water surface inside the gauging device is considered to be small except maybe at very high discharges. Other sources of error are associated with the calibration of the pressure transducer and the salt-dilution measurements of discharge themselves. As an overall estimate, we assign an uncertainty of + 10% to our discharge measurements.
Water Balance
In general, the diurnal variations of glacial runoff from Unteraargletscher reflect those of meltwater input to the glacier. Daily maxima and minima of discharge (Fig.  8d ) lag behind those of melt rate (Fig. 8c ) and air temperature (Fig. 8b) by -3-5 hours which suggests that runoff was fed mainly by meltwater. However, for longerterm variations, temporal patterns of surface melt rate and glacial runoff show significant differences. With the arrival of a cold front on 21 June, air temperature dropped drastically to values well below 0°C causing the meltwater production to fall to zero. In response to this reduced meltwater input to the glacier, discharge of water in the proglacial stream started to decline. The return of higher temperatures on 23 June led to an increase in meltwater production. However, discharge remained low for three further days. 'Subsequently, melt rates remained high and discharge increased until the end of the record.
We illustrate the water balance further in Fig. 9 by plotting-the cumulative meltwater input and the cumulative discharge. The uncertainties in determining melt or discharge (shaded regions in Fig. 9 ) increase with time due to the cumulative nature of the plot. They are based on the 2 10% and + 20% uncertainties in our discharge measurements and melt calculations, respectively. During the first two days of the period shown in Fig. 9 meltwater input and discharge output of water were roughly balanced. Due to low temperatures on 21 and 22 June meltwater production essentially ceased. However, discharge in the proglacial stream continued, suggesting that water stored within the glacier was drained during these two cold days. The temperature rise on 23 June marks the start of a recharging period that lasted at least until the end of the discharge record on July 4. Most of this period is characterized by inputs in excess of outputs as more water was produced by melting on the glacier surface than was dis- charged in the proglacial stream. After taking the uncertainties in determining melt and discharge (shaded regions in Fig. 9 ) into consideration, the surplus of water at the end of the discharge record on 4 July amounts to -106 m3 (Fig. 9 ).
Rainfall-induced Outburst
Following six days of warm conditions, a storm system brought torrential rainfall to Unteraargletscher in the early morning of 6 July ( Fig. 8a and b) . Nearly 40 mm of rain was recorded at the Lauteraarhut between 0000 and 1200 hours. In fact, this storm produced the highest continuous rainfall amount during the entire period of observation from 19 June to 8 September (Fig. 2a) . Coinciding with the intense rain, the discharge of water in the proglacial stream had increased dramatically. As a consequence, our stream gauge was completely destroyed. We estimate that the discharge at mid day of 6 July was between 20 and 30 m3 s-1 which corresponds to roughly three times the maximum discharge recorded during the preceding days. Due to the high discharge the stream bank at our gauging site had been eroded and the stream had changed its course. Furthermore, large chunks of ice (up to 0.8 m diameter) floated in the stream and were strewn across much of the proglacial area.
Concluding Discussion
In this paper, we have compared meltwater input and discharge output of water at Unteraargletscher during a two-week period prior to a hydraulic release event. This comparison suggests that roughly 106 m3 more water was produced by melting of snow and ice on the glacier than was discharged in the proglacial stream implying that this water was stored in the glacial hydrological system. The water storage may have been in any part of the glacier: within the snow and firn on the glacier surface, within englacial conduits and water pockets, or in cavities and drainage channels at the bed. To assess the extent to which water was stored in or beneath the glacie~, we have to investigate the capacity of the snowpack covering the glacier to retain water. At the beginning of our measurement program in mid June, we noticed small streamlets and slush areas on the snow surface up to an elevation of at least 2,600 m a.s.1. The occurrence of water at the surface is symptomatic for a snow cover which is water saturated. Thus, no further retention of water was possible and any meltwater produced in the region of the glacier below 2,600 m a.s.1. must have contributed to either runoff or en-and subglacial storage. For the region of the glacier above 2,600 m a.s.1. we do not know the degree of water saturation of the snow cover, rendering it difficult to determine whether meltwater that percolated into the snow was retained or was delivered to the glacier. To simplify our discussion we now focus on the region of the glacier below 2,600 m a.s.1. computation of melt for this region yields a total amount of -6.5 x106 m3 of water for the period from 19 June to 4 July. This amount alone is sufficient to balance the total discharge of water from the glacier during the same period (-5.9 x106 m3). We note, however, that our melt calculation led to a conservative estimate of the water input to the glacial hydrological system because snow melt from the non-glacierized portion of the catchment is not accounted for. Furthermore, the rise in snowline from the terminus to the confluence zone during this period released meltwater that was detained in the snowpack earlier in the season. Therefore, this additional meltwater originating from both the surrounding non-glacierized area and the disappearing snow cover together with the contribution from precipitation in liquid form (-43 mm at the Lauteraarhut between 19 June and 4 July), when factored into the water balance, lead to inputs of water in excess of discharge outputs that had to be stored within or at the base of Unteraargletscher.
The flood in the proglacial stream that coincided with a severe rainstorm early on 6 July presumably reflects the outburst of the water that was stored en-or subglacially during the preceding days. The large ice chunks that were spewed out and strewn across much of the proglacial area during this event suggest that the peak discharge of water early in the morning was considerably larger than the 20-30 m3 s-1 we estimate for mid day of 6 July. However, these chunks were probably not derived subglacially as they can be attributed to a collapse of ice at the glacier portal. Never- theless, we believe that the outburst flood is related to a change in the configuration of the subglacial drainage system. Support for this suggestion stems from a record of water level fluctuations (Fig. 10 ) in a 250 m deep borehole drilled through the ice to the bed near the central flowline, roughly 3 km upglacier from the terminus (Fig. 1) . Diurnal variations in borehole water level were in phase with those of discharge in the proglacial stream during the days preceding the release event which suggests that the hole was hydraulically connected to the drainage system. With the onset of precipitation in the afternoon of 5 July (Fig. 8a) , the water level quickly rose indicating a sudden increase in subglacial water pressure to near flotation level (Fig. 10 ). Subsequently, the water level fluctuated wildly before the borehole lost its connection to the drainage system and filled with water. The fast rise in water pressure is thought to reflect the inability of the drainage network to adapt to the sudden increase in water supply caused by the rain. We conjecture that in response to high basal water pressure, water was forced to spread out at the ice-bed interface thereby altering configurations, dimensions and positions of existing drainage pathways. During the course of this basal drainage-system reorganization, the borehole became hydraulically isolated, while the establishment of a hydraulically efficient drainage net elsewhere enabled the fast release of en-and subglacially stored water. In summary, a warm weather period at Unteraargletscher in late June and early July produced meltwater at a rate greater than the glacial drainage system could transmit. Consequently, water storage in and beneath the glacier increased. This warm period culminated in a storm with intense rain which caused water flow to back up further and subglacial water pressure to rise. The high water pressure triggered a reorganization of the basal drainage system which in turn led to the release of water that was stored in and beneath the glacier.
